Nine thousand three hundred and seventy six male civil servants, aged 45-64 at entry, with no clinical history of coronary heart disease, were followed for a mean period of 9 years and 4 months during which 474 experienced a coronary attack. The 9% of men who reported that they often participated in vigorous sports or did considerable amounts of cycling or rated the pace of their regular walking as fast (over 4 mph, 6-4 kmlh) experienced less than half the non-fatal and fatal coronary heart disease of the other men. In addition, entrants aged 55-64 who reported the next lower degree of this vigorous aerobic exercise had rates less than two thirds of the remainder; entrants of 45-54 did not show such an effect. When these forms of exercise were not vigorous they were no protection against the disease, nor were other forms of exercise or high totals of physical activity per se. A history of vigorous sports in the past was not protective. Indications in these men are of protection by specific exercise: vigorous, aerobic, with a threshold of intensity for benefit and "dose response" above this threshold, exercise that has to be habitual, and continuing, which suggests that protection is against the acute phases of the disease. Those men who took vigorous aerobic exercise were demonstrably a favourably "selected" group; they suffered less of the disease, however, whether at low risk or high by the several risk factors that were studied. Men with exercise-related reduction in coronary heart disease also had lower death rates from the total of other causes, and so lower total death rates than the rest of the men.
reported that they often participated in vigorous sports or did considerable amounts of cycling or rated the pace of their regular walking as fast (over 4 mph, 6-4 kmlh) experienced less than half the non-fatal and fatal coronary heart disease of the other men. In addition, entrants aged [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] who reported the next lower degree of this vigorous aerobic exercise had rates less than two thirds of the remainder; entrants of 45-54 did not show such an effect. When these forms of exercise were not vigorous they were no protection against the disease, nor were other forms of exercise or high totals of physical activity per se. A history of vigorous sports in the past was not protective. Indications in these men are of protection by specific exercise: vigorous, aerobic, with a threshold of intensity for benefit and "dose response" above this threshold, exercise that has to be habitual, and continuing, which suggests that protection is against the acute phases of the disease. Those men who took vigorous aerobic exercise were demonstrably a favourably "selected" group; they suffered less of the disease, however, whether at low risk or high by the several risk factors that were studied. Men with exercise-related reduction in coronary heart disease also had lower death rates from the total of other causes, and so lower total death rates than the rest of the men.
Initial observation that middle aged men in jobs that require physical activity have a lower incidence of heart attack than comparable men in sedentary jobs' prompted the hypothesis that high totals of physical activity in leisure time would protect sedentary workers.2 Prospective survey of such men in the civil service, however, did not corroborate this. Only those reporting vigorous aerobic exercise showed substantially less coronary heart disease.
Vigorous exercise included the most strenuous activities of these men, so it was well above their normal levels of activity, and it was further defined as being liable to entail peaks of energy expenditure of 7 5 kcal/min, kJ/min (say > 6-0 resting equivalents (METS) and > 65% of maximum oxygen uptake). This is usually adequate, it may be postulated, to produce and maintain a cardiorespiratory training effect in such a population.'
It is hazardous, however, to generate a new hypothesis post hoc from the same data set.
Furthermore, in an admittedly different population of American men, though players of vigorous sports showed the lowest coronary rates, there was some protection also in a minority who took less intense aerobic exercise, and thus had high totals of leisure activity (> 2000 kcal per week)9"0 (and Paffenbarger et al, 1988 , personal communication). As well as questions about the kind of exercise that is protective against heart disease, of a postulated threshold for benefit and, in general, how to represent physiological "training" in a population study, many other issues must be considered. These are: the effects of advancing age; the possibility of other causes of death occurring among those protected, or being diagnosed instead; the interaction of exercise with other behaviours, and with standard risk factors; the multiplicity of possible mechanisms for the protection now being proffered-and the abiding question of possible self selection for exercise and against heart attack. In the hope of shedding further light on such issues a prospective survey was launched.
Subjects and methods
In the autumn of 1976 all male executive officers aged 45- 9376 respondents after exclusion of the 6% with a history or record of clinical coronary heart disease. They constitute the study cohort who were followed until 30 April 1986. They were asked to give a detailed account of physical activity in the previous 4 weeks in a questionnaire designed (after pilot interviews) to be comparable with the national data of the General Household Survey"12 (and personal communication, OPCS, 1979) . The intensity and energy demands of the activities reported were derived as best we could from physiological studies3 48 13 14 to provide the broad gradings required.
A 25% random sample of the completed questionnaires was drawn, coded independently and in full by two clerical officers, and checked and reconciled, as occasionally required, by MGE; this sample was multiplied by four to estimate our total population data.
As tResults were similar when men also reporting vigorous sports are excluded.
All significance tests reported are for trend," although heterogeneity tests were also carried out, and allow for sampling of the population (see Appendix).
The few men with no or spoiled records are included in None.
reported by 17 5% of the men, and "nonvigorous" sports, which were twice as common. The contrast between (A) and (B) We asked the men for information on how many minutes they had spent walking to and from work and on other regular walking outside the home in the past week. The quantity of walking (table 2A) was not associated with any decline in attack rates-for example, the figure of 6-0 with average walking of over an hour a day. Participants were also asked to grade the usual or average pace or speed of their regular walking.7 15 To test the threshold hypothesis, "fast" was defined as "over 4 mph" (6-4 km/h). Table 2B shows a trend in the rates of disease and there is a particularly low rate in the 2-6% of men claiming to be fast walkers. In table 2C, combining intensity and quantity, there is a somewhat reduced attack rate in those reporting over half an hour a day of "fairly brisk" walking. This, which is the grade below "fast" walking and perceived to be faster than "normal", is deliberately strenuous, it may be postulated, vigorous, and the rate may be another indication of a dose response. The "strollers", 11% of the men, reported many mobility problems, and they were generally vulnerable (for example 15% of them gave a history of "subclinical" cardiovascular disease); this simple self-assessment is remarkedly predictive of heart attack. "Vigorous" cycling was defined as an amount previously found to be associated with a lower incidence: at least an hour per week in the round trip to work or at least 25 miles of other cycling in the previous week. Cyclists of course often reported both forms. In the 3 5% of men who reported vigorous cycling the attack rate was much lower: eight cases, 2-6 per 1000 manyears. There was also some reduction with less cycling: 14 cases and 4-5 per 1000 man-years (p < 0-03), indicating perhaps that any habitual cycling in these middle aged men usually entailed enough effort for benefit.'9 But as only 7%0 of the men cycled numbers are too few for proper analysis.
KEEP FIT AND STAIR CLIMBING
There was no association with age-standardised coronary rates in these two remaining types of vigorous aerobic exercise which previously were found to be protective. The attack rate with keep fit/callisthenics at least 5 times a week was 5-6 per 1000 man-years. Men climbing the most stairs (> 500 each day) had an attack rate of 5 4 , which was in the middle of the observed range of rates (4 7 to 6-2 per thousand man-years) by total number of stairs that were climbed.
RECREATIONAL "WORK"
Most of these men lived in a suburban house with a garden: 91% reported gardening, Do It Yourself also was very popular, and a wide range of "jobs", hobbies, and crafts were reported. Table 3 shows that whatever the quantity or intensity of recreational work it had no effect on the rates of coronary heart disease.
THRESHOLD: DOSE RESPONSE
The men were now ordered by the exercise they reported, and in terms of the main hypothesis (table 4) .
Group 1 consists of those reporting frequent/ intense, vigorous aerobic exercise-that is, vigorous sports at least twice a week, and/or "fast" walking, and/or considerable cycling.
Group 2 are the men reporting the next lower degree of such exercise which was either not so frequent (that is, vigorous sports at least once but less than twice a week, and/or less cycling) or not so intense (that is "fairly brisk" walking for over half an hour a day).
Group 3 was made up of those men taking residual vigorous aerobic exercise-that is, occasional sports (1-3 episodes in the 4 weeks), or shorter "fairly brisk" walking.
Group 4 are the men reporting no vigorous aerobic exercise.
The upper panel of table 4 shows the trends in coronary disease across groups 1-4 for overall attacks and mortality (and similarly in the non-fatal cases, by subtracting "mortality" from "total attack rate"). Group 1 men had strikingly low rates throughout (p < 0 001).
In those who were 45-54 at entry, the composite group 2 rate was not reduced and not significantly different from that in groups 3 and 4, while among entrants of 55-64, the men in group 2 (19%) had a significantly lower rate of disease than groups 3 and 4 (p -0 01). Equally interesting, the two items of the original "vigorous aerobic" cluster that did not qualify for group 1 (frequent keep fit and much stair climbing) were now associated with reduced coronary rates of 2-7 and 3-5 per 1000 man-years in these older men, and they have therefore been included with group 2; both activities are likely to be more variable and liable to be less intense on average than the exercise in group 1. In group 3 there was some continuation of a favourable trend in rates in the older men. These therefore showed a dose response to the intensity of vigorous aerobic exercise. A threshold effect alone is seen in the younger men.
Validity of the diagnosis of coronary heart disease. As a check the 135 fatal cases certified by a coroner (medical examiner) after necropsy as coronary heart disease were sorted into the four exercise groups. The trend of the age standardised rates (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) (57) (58) (59) (60) (61) (62) (63) (64) for these cases is similar to the experience overall: 0-39, 1A4, 1-7, 1-7 in groups 1-4 respectively (p < 0 001). Multivariate analysis. Table 7 simultaneously "standardises" the exercise groups in each of the age bands for two, then three, then five of the other factors in a further attempt to allow for confounding of the main observation. This successive computation made little difference, however, to the overall picture of table 4-that is, the advantages of group 1 and of the older men in group 2 persisted-though the confidence intervals were widened. This emphasises the "independence" of vigorous aerobic exercise from classic risk factors.
ALL CAUSES DEATH RATE
Finally, it is necessary to know whether the reduction in coronary deaths was offset by deaths certified as other causes. This could arise from diagnostic and certification practices and/or excess deaths produced by vigorous aerobic exercise. There is no sign of this.
All deaths during the follow up were allotted to the four groups. Of the entrants aged [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] 3 1% (139 deaths) died in 1976-86 from causes other than coronary disease, as did 5-6% (278 deaths) of the entrants of 55-64. The risk of such death in the whole cohort of 45-64, standardised for age at entry and for cigarette smoking, was 3 1% in group 1 compared with 4-9% in group 4, the men reporting no vigorous aerobic exercise. For those men aged 55-64 the rate for smokers in group 2 was 8-7 compared with 9-0 in group 4 and for non-smokers it was 4-4 and 5-4 respectively. When non-coronary deaths were added to those from coronary heart disease, total death rates over the 9+ years of follow up were lower in men with an exercise related reduction in coronary heart disease, and their survival through middle age and into old age greater than in other men. Detailed analysis Table 6 Vigorous aerobic exercise and other risk factors: attack rate from coronary heart disease What is more interesting is that to be protective the exercise apparently has to be continuing and current: this suggests an effect on the acute phases of coronary heart disease- 38 6-3 98 (66-145) 38 
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3-4 132
(75-231) 20 4 43 The electrical stability of the heart may be enhanced, raising the threshold for arrhythmiafor example, by lowering catecholamine concentrations.' The reduction in extrasystoles in men reporting vigorous aerobic exercise45 and the original observation that "sudden death" was low in the physically active workers1 may also be relevant. It is encouraging (tables 4 and 7) that lower coronary rates are so evident in later middle and early old age.24262739 After a lifetime's build up of the underlying atherosclerosis, protection against the acute precipitating phases of the heart disease is then the more realistic hope.
The protective exercise is that which trains for cardiorespiratory fitness; this is conventionally assessed by the maximal oxygen uptake.7833" An hypothesis in terms of "fitness" offers another explanation of the requirement for the exercise to be continuing. As shown in training/detraining experiments,4"47 fitness achieved by exercise cannot be stored. Studies have favourably if variably related cardiorespiratory fitness to classic risk factors and to the heart disease. We may conjecture further. Stamina or endurance-the capacity for sustained aerobic exercise using a high proportion ofthe maximal oxygen uptake-whatever its level-is far more responsive to aerobic training than the actual maximum itself.5"58 Perhaps endurance fitness protects against coronary heart disease? Perhaps a reduction in the endurance fitness of the population is one ofthe consequences of the modern decline in physical activity, specifically of adequate aerobic exercise? An hypothesis in terms of endurance fitness would direct attention also to the optimal performance and adaptability, with training, of the heart itselfexemplified in the slower rate and increased stroke volume with given demands, and the greater electrical stability, myocardial perfusion, and, possibly, wall thickness.7 8 34 47 562 Such a proposition also underlines the need for practical non-invasive methods of assessing endurance fitness and training in the population63 and is yet another plea for physiology and epidemiology to get together. 
